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RANGE CONTROL METHOD FOR LEVER SHIFTED COMPOUND 

TRANSMISSIONS 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 

5 The present invention relates to a control system and method for controlling 

automatically implemented range shifting in a compound transmission having a main 
section shifted by a manually operated shift lever. In particular, the present 
invention relates to a control system and method for automatic range shifting which 
selects and initiates a range shift in response to a selected target gear ratio. 

10 2. Background Art 

Controller-assisted, compound, manually shifted mechanical transmissions 
are widely known in the field of heavy-duty vehicles, such as transport trucks. 
Typically, these transmissions include a main section shifted directly or remotely by 
a manual shift lever and one or more serially connected auxiliary sections. The 
15 auxiliary sections are usually shifted by a slave actuator and are either 
pneumatically, hydraulically, mechanically and/or electrically operated in response 
to manual operation of one or more switches. 

In addition to the operation of various switches, drivers of heavy-duty 
vehicles must be attentive to various vehicle and driving conditions to properly 

20 engage transmission shifts without causing damage to the vehicle. For example, 
while driving a heavy-duty vehicle, the driver must watch the vehicle speed, the 
road conditions, operate the shift lever, control the splitter select switch to engage 
a particular gear ratio, and control a range select switch to toggle between at least 
a high range and a low range. As such, ensuring proper transmission shifts is a 

25 complicated task, especially for the inexperienced driver. 
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Transmissions having sensors, actuators, and a microprocessor-based 
controller to automatically assist manual shifting are well known in the art. These 
transmissions are capable of detecting an intent to shift signal and can reduce 
driveline torque in response to an intent to shift signal. Some prior art transmissions 
5 can sense an intended target gear ratio and consequently synchronize transmission 
components to engage the target ratio. 

Prior art devices with lever or switch position initiated automatic 
range shifting, while adding conveniences, are not totally satisfactory. Automatic 
range shifting is generally initiated by the shift lever actuating a fixed position 

10 sensor or switch. The lever position at which automatic range shifting is initiated 
is fixed. For example, as the shift lever is moved into a transition area or band from 
one leg of an H-shift pattern to a higher leg it crosses a point and actuates a fixed 
sensor to cause automatic implementation of a range shift. Our example of this 
range shifting method may be seen by reference to U.S. Patent No. 5,91 1,787 that 

15 is assigned to applicant's assignee. However, this method for automatic range 
shifting cannot be used with a repeated H-shift pattern. In addition, prior art 
devices did not prevent or inhibit non-synchronous shifting with a high degree of 
reliability. When the vehicle is operating in high range and an operator decides to 
shift the vehicle into low range at the wrong time, an engine overspeed condition 

20 may occur if the operator is not careful. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, the drawbacks of the prior 
art are minimized or overcome by providing an improved controller-assisted, 
manually shifted transmission system. More specifically, the transmission system 
25 may be a twelve-speed manually shifted transmission that implements a repeated H- 
shift pattern. One improvement relates to automating range shift decisions to assure 
that an appropriate range state is selected. 

In carrying out the present invention, a method is provided for 
determining an appropriate range state based on an automatically selected target gear 
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ratio. The method is initiated by detecting an intent to shift signal. In response to 
detecting the intent to shift signal, a set of potential target gear ratios is determined. 
Engine overspeed tests are then executed to verify at least one target gear ratio. The 
appropriate range state is determined based on the target gear ratio that is verified 
5 by the engine overspeed tests. The automatic range shift is controlled so that the 
determined range state is selected based on the selected target gear ratio. 

According to one aspect of the invention, the appropriate range state 
is selected from at least a high range or a low range. In low range, the gear ratios 
span from first to sixth gear. In high range, the gear ratios span from seventh to 

10 twelfth gear. The H-shift pattern includes two vertical legs making up a low rail and 
a high rail. There are four engaged shift lever positions wherein one position is 
reserved for reverse and four gear ratios share each remaining shift position, two in 
low range and two in high range. A horizontal leg connecting the two vertical legs 
of the H-shift pattern is the neutral shift lever position. A splitter select switch is 

15 operable to toggle between each of two gear ratios in any shift lever position and 
range state. Generally, the appropriate range state is determined based on a target 
gear ratio that has been selected from a set of potential target gear ratios. The set 
of potential target gear ratios is determined based on a shift lever rail position, the 
position of a splitter select switch, and a shift knob force direction. 

20 The target gear ratio is automatically determined based on the results 

of engine overspeed tests. The engine overpseed tests evaluate individual gear 
ratios from the set of potential target gear ratios in combination with several 
transmission and engine conditions to determine if engine overspeed would occur for 
that particular gear ratio. 

25 The automated range control procedure is triggered by the detection 

of an intent to shift signal. The intent to shift signal is formulated based on a 
detected shift knob force and the shift knob force direction. 

According to another aspect of the present invention, a method is 
provided for selecting an appropriate range state from at least two possible range 
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states in a manually shifted transmission system. A set of transmission system 
criteria are detected including vehicle speed, a shift lever rail position, a transition 
to rail position, a shift knob force, a shift knob force direction, and a position of the 
splitter select switch. An intent to shift signal is formulated based on the shift knob 
5 force and the shift knob force direction. When an intent to shift signal is detected, 
a set of potential target gear ratios is determined and engine overspeed tests are 
executed. The set of potential target gear ratios is determined based on the shift 
lever rail position, the position of the splitter select switch, and the shift knob force 
direction. Engine overspeed tests are then executed to evaluate the set of potential 
10 target gear ratios in combination with the set of transmission system criteria in order 
to select one ratio from the set of potential target gear ratios. An appropriate range 
state is determined based on the selected target gear ratio. An automatic range shift 
to the determined range state based on the selected target gear ratio is then initiated. 

A manually shifted compound transmission system is also disclosed. 

15 The system generally includes a manually operated shift lever, a variety of system 
inputs, control logic, and a range shift mechanism. A variety of system inputs are 
used to determine the position and to detect movement of the shift lever and detect 
other engine conditions. A position sensor provides a position signal that indicates 
the position of the shift lever including lateral movement into the transition to high 

20 or low rail positions as well as forward or rearward movements. A force threshold 
detector provides a shift knob force signal indicative of directional forces applied to 
the shift lever by an operator. A splitter select switch is provided that toggles 
between high and low splitter ratios. A speed sensor is included for providing 
signals that indicate engine rotational speed. The control logic receives the input 

25 signals from the variety of sensors to formulate an intent to shift signal and to 
determine the set of potential target gear ratios. The control logic, triggered by an 
intent to shift signal, executes the engine overspeed tests for the set of potential 
target gear ratios. The control logic also verifies at least one of the target gear ratios 
as being appropriate for engine conditions in accordance with the system inputs. An 

30 appropriate range state of the transmission system is automatically determined based 
on the selected target gear ratio. A range shift mechanism shifts the transmission 
into the appropriate range state as determined by the control logic. 
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The position signal is operable to indicate a transition to one of at 
least two possible rail positions including a high rail and a low rail. 

The following additional features are applicable to the above methods 
5 and system for controlling automatic range shift decisions for determining the 
appropriate range state and to the manually shifted compound transmission. 

A predetermined low speed latch is set at the speed below which low 
range is always appropriate. The actual vehicle speed is monitored to determine if 
the vehicle speed is above a low speed latch. If the vehicle speed is above the 
10 predetermined low speed latch and the intent to shift signal is detected, the method 
for controlling automatic range shift decisions, is executed. If the vehicle speed is 
not above the predetermined low speed latch, the transmission is shifted into low 
range and the test for vehicle speed above the low speed latch is repeated. 

15 If the shift lever position is on low rail or if the transition to low rail 

is detected and the shift lever position is in neutral, and the transmission must be in 
low range and the engine overspeed test indicates a positive result, then the 
transmission is shifted into high range. 

If the shift lever is on the low rail or if a transition to low rail is 
20 detected and the shift lever position is in neutral, and the transmission is in high 
range and the engine overspeed test indicates a negative result, then the transmission 
is shifted into low range. 

Preferably, in determining the appropriate range state, the 
transmission is shifted into low range if the shift lever position is on low rail or if 
25 the transition to low rail is detected and the shift lever position is in neutral. In 
addition to the forementioned conditions, the current range state must be unknown 
and the engine overspeed test indicates a negative result. If the conditions are not 
satisfied, the transmission is shifted into high range. 
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If the transmission is currently in low range and the splitter select 
switch indicates a splitter low position and the engine overspeed test for a first gear 
ratio indicates a positive result, then the transmission is shifted into high range. The 
transmission is also shifted into high range if the transmission is currently in low 
5 range and the splitter select switch indicates a splitter high position and the engine 
overspeed test for a second gear ratio indicates a positive result. 

If the transmission is currently in high range and the splitter select 
switch indicates a splitter low position and the engine overspeed test for a first gear 
ratio indicates a negative result, then the transmission is shifted into low range. The 
10 transmission is also shifted into low range if the transmission is in high range and 
the splitter select switch indicates a splitter high position and the engine overspeed 
test for a second gear ratio indicates a negative result. 

If the current range state is unknown and the splitter select switch 
indicates a splitter low position and the engine overspeed test for a first gear ratio 

15 indicates a negative result, then the transmission is shifted into low range. The 
transmission is also shifted into low range if the current range state is unknown and 
the splitter select switch indicates a splitter high position and the gear overspeed test 
for a second gear ratio indicates a negative result. If the current range state is 
unknown and neither of the above cases is true, then the transmission is shifted into 

20 high range. 

According to another aspect of the invention, when determining the 
appropriate range state, if the shift lever is on high rail or if the transition to high 
rail is detected and the shift position is in neutral and, the transmission is in high 
range and the engine overspeed test indicates a negative result, then the transmission 
25 is shifted into low range. 

In accordance with another aspect of the invention, if the shift lever 
is on high rail or if a transition to high rail is detected and the shift position is in 
neutral, and the current range state must be unknown and the engine overspeed test 
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indicates a negative result, then low range is maintained. If the aforementioned 
conditions are not satisfied, then the transmission is shifted into high range. 

In accordance with another aspect of the invention, if the shift lever 
is on high rail or if the transition to high rail is detected and the shift position is in 
5 neutral, and the current range state is unknown and the engine over speed test 
indicates a negative result, then the transmission is shifted into low range. 
Otherwise, the transmission is shifted into high range. 

The above object and other aspects of the present invention are 
readily apparent from the following detailed description of the best mode for 
10 carrying out the invention when taken in connection with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a schematic illustration of a controller-assisted, 
manually shifted compound transmission system. 
15 FIGURE 2 is a schematic illustration of a repeat H-shift pattern for 

a preferred embodiment of the transmission. 

FIGURE 3 is a schematic illustration of the low range and a high shift 
lever positions of the present invention. 

FIGURE 4 is a flow chart of the range control logic for a lever shifted 
20 compound transmission. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

Referring to Fig. 1, a controller-assisted compound transmission 
system 10 is illustrated that is particularly well suited to for the range shifting 
control system and method of the present invention. 
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The transmission system 10 is the may be utilized in heavy-duty 
vehicles and includes an engine 12, typically a diesel engine, a multiple-speed 
compound transmission 14, and a drive axle assembly 16. The transmission 14 
includes an output shaft 18 drivingly coupled to a vehicle drive shaft 20 by universal 
5 joints for driving the drive axle assembly 16. 

The multiple-speed compound transmission 14 typically includes a 
main transmission section 22 and an auxiliary splitter or combined splitter-and-range 
type auxiliary transmission section 24. The main transmission section 22 is a 
multiple-ratio manually shifted transmission section that is shifted by a manually 
10 operated shift lever 26. The range-type auxiliary transmission section 24 is shifted 
by an auxiliary splitter or splitter-and-range actuator assembly 28. 

The engine 12 is preferably electronically controlled and 
communicating with a powertrain controller 30. The powertrain controller has 
control logic 32 for processing input signals 34 and sending output signals 36 to 
15 various system actuators. 

The transmission system includes sensors for detecting movement of 
the shift lever 26. A position sensor 38 is operable to detect and send output signals 
indicative of shift lever position in a shift pattern. A force threshold detector 40 is 
located within the shift knob of the shift lever 26 for detecting movement and 

20 direction of movement of the shift lever. Sensors for detecting engine rotational 
speed, such as speed sensor 42, are also included. These and various other sensors 
send input signals 34 to the powertrain controller 30. The control logic 32 of the 
powertrain controller 30 processes the input signals according to predetermined logic 
rules for analyzing engine conditions and issuing command output signals 36 to 

25 various system actuators. 

FIG. 2 illustrates an H-shift pattern 50 having two vertical legs and 
one connecting horizontal leg for manual shifting of the controller-assisted 
compound transmission 14 by the manually operated shift lever 26. Briefly, the 
shift lever 26 is moveable side to side along the horizontal leg, in a lateral direction 
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to select one of at least two rail positions. The two rail positions include at least a 
low rail 52 and a high rail 54. The shift lever 26 is also moveable forward and 
backward in a longitudinal direction to selectively engage and disengage particular 
gear ratios. 

The horizontal leg 56 includes two transition areas including a 
transition to low rail 58 and a transition to high rail 60. Position sensors detect if 
the shift lever 26 is in the transition to low rail area or the transition to high rail 
area. Detection of a transition to a high or low rail position along with the detection 
of a shift force signal by the force threshold detector 40 are processed by the control 
logic 32 to generate an intent shift signal. 

A lever shift involves a change in main section ratio and is 
accomplished by moving the shift lever from one shift position to a different shift 
position. A splitter-only shift such as from a first gear ratio to a second gear ratio 
does not require the use of the shift lever and is accomplished automatically or in 
response to the operation of a splitter ratio selector switch. 

In the embodiment illustrated in FIG. 3, the main transmission section 
22 is a 3-speed transmission with reverse. The repeat H-shift pattern has four 
engageable main section ratios. A low range 70 and a high range 80 H-shift pattern 
is shown wherein the appropriate range state is automatically determined by the 
control logic 32 based on system input signals 34. Each end of the rail positions 
represents one of the four shift lever positions. In low range 70, the main section 
ratios include one for reverse, one for 1/2, one for 3/4, and one for 5/6. In high 
range 80, the main section ratios include one for reverse, one for 7/8, one for 9/10, 
and one for 1 1/12. A splitter select switch 44, which could be manual or automatic, 
shifts between the gear ratios within each shift lever position. 

When an intent to shift signal is detected, the range control logic 
within the powertrain controller is triggered. A procedure is executed, as shown in 
FIG. 4, for determining the appropriate range state based on the current vehicle and 
transmission system inputs and more particularly, the target gear ratio. 



EAT 0201 PUS 
• OO-rTRN-168 

The range control logic starts at block 100 when an intent to shift 
signal is detected. The vehicle speed is checked at block 102 to determine whether 
the vehicle speed is above a low speed latch. The low speed latch is a predetermined 
vehicle speed below which the speed sensors may not detect vehicle speed with 
5 accuracy. If the vehicle speed is not above the low speed latch, the transmission is 
automatically shifted into low range at block 116. The control logic would then 
return to block 102 where the vehicle speed would be checked again. However, if 
the vehicle speed is above the low speed latch at decision block 102, the range 
control logic moves onto decision block 104. 

10 At decision block 104, it is determined whether the shift lever 26 is 

in the neutral position 56 and a transition to low rail 58 is detected or if the shift 
lever 26 is on low rail 52. If this is true, then the procedure goes onto decision 
block 106 where it is determined if the transmission is in low range 70 and whether 
the engine overspeed test for a first or second gear indicates a positive result. The 

15 engine overspeed test determines if the current output speed will cause an engine 
overspeed condition for the gear ratio being tested. If this is also true, then the 
transmission is shifted into high range 80 in order to avoid engine overspeed 
conditions at block 108. 

However, at decision block 106, if the transmission is not in low 
20 range 70 and the overspeed test for the first or second gear does not indicate a 
positive result, then the procedure moves to decision block 110 where it is 
determined whether the transmission is in high range 80 and the engine overspeed 
test for a first or second gear indicates a negative result. If decision 1 10 is yes, then 
the transmission is shifted into low range 70. If decision 110 is no, then the 
25 procedure moves to decision block 1 14 where it is determined whether the range 
state is unknown and the engine overspeed test for a first or second gear indicates 
a negative result. If decision 114 is yes, then the transmission is shifted into low 
range 70 at block 112, otherwise the transmission is shifted into high range 80 at 
block 108. 
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At decision block 104, if it is determined that the shift lever 26 is not 
in the neutral position 56 and that the transition to low rail 58 is not detected or that 
the shift lever 26 is not on low rail 52, then the procedure moves onto decision block 
118. 

5 At block 118, it is determined whether the shift lever 26 is in the 

neutral position 56 and if a transition to high rail 60 is detected or if the shift lever 
26 is positioned on high rail 54. If the decision is no, then the procedure is returned 
to block 102 and the vehicle speed is checked to determine whether the vehicle speed 
is above the low speed latch. If the decision is yes, then the procedure goes onto 

10 decision block 120 where it is determined whether the transmission is in high range 
80. It is also determined whether the shift force signal from the force threshold 
detector 40 used in formulating the intent to shift signal indicates a rearward or 
forward direction. If a rearward movement 62 is indicated, it is determined whether 
the engine overspeed test for a fifth or sixth gear indicates a negative result. If a 

15 forward movement 64 is indicated, it is determined whether the engine overspeed 
test for a third or fourth gear indicates a negative result. If a negative result is 
indicated for any of the above engine overspeed tests, then the transmission is 
shifted into low range 70 at block 122. 

If the decision at block 120 is negative, the procedure moves onto 
20 decision block 124 where it is determined whether the transmission is currently in 
low range. If the decision at block 124 is positive, then the transmission is 
maintained in low range. 

If the decision at block 124 is negative, the procedure moves onto 
decision block 128. At decision block 128, it is determined whether the range state 

25 is unknown. If the shift force signal formulating the intent to shift signal detects 
rearward movement 62 of the shift lever 26, it is determined whether engine 
overspeed tests indicate a negative result for fifth or sixth gear ratios. If the intent 
to shift signal detects forward movement 64 of the shift lever, it is determined 
whether engine overspeed tests indicate a negative result for third or fourth gear 

30 ratios . If either of these conditions is true, then the transmission is shifted into low 
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range 70 at block 122. Otherwise, the transmission is shifted into high range 80 at 
block 130. 

While embodiments of the invention have been illustrated and 
described, it is not intended that these embodiments illustrate and describe all 
possible forms of the invention. Rather, the words used in the specification are 
words of description rather than limitation, and it is understood that various changes 
may be made without departing from the spirit and scope of the invention. 
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